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(54) Stair-climbing wheelchair carrier

(57) An extension/retraction cylinder (5) stops or
starts tilting the platform (21) of a stair-climbing wheel-
chair carrier (2) based on a detection signal from an in-
clination sensor (51) provided in a crawler drive unit (3).
When the crawler drive unit (3) is detected to be not tilted,
the tilting motion of the platform (21) is stopped at an
intermediate angle (e. g. 20 °) of a maximum preset angle

(e. g. 40 °). When the crawler drive unit (3) is detected
to be tilted, the platform (21) is tilted up to the maximum
preset angle, and as soon as the crawler drive unit (3) is
detected not to be tilted after tilting, the platform (21) is
driven so as to decrease its inclination angle relative to
the crawler drive unit (3). Thus, a comfortable and usable
stair-climbing wheelchair carrier (10) can be provided.
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Description

BACKGROUND OF THE INVENTION

[0001] The present invention relates to a stair-climbing
wheelchair carrier designed to transport a wheelchair up
and down stairs.
[0002] Japanese Patent No. 2551862 shows a typical
stair-climbing wheelchair carrier. This prior art example
is first described with reference to Fig. 1A and Fig. 1B,
which illustrate the wheelchair carrier moving on a level
ground and on stairs, respectively. The wheelchair carrier
1 is generally made up of a wheelchair carrying platform
2 and a crawler drive unit 3. The wheelchair carrying plat-
form 2 is pivoted by a shaft 4 at one end (rear side of the
wheelchair K carried thereon) to the crawler drive unit 3.
An extension/retraction cylinder 5 is pivoted at one end
to the wheelchair carrying platform 2 and at the other end
to the crawler drive unit 3, so that the wheelchair carrying
platform 2 can be inclined relative to the crawler drive
unit 3 by extension and retraction of the cylinder 5.
[0003] The wheelchair carrying platform 2 includes a
frame 20 that forms a left and right wheelchair carrying
floor 21 and a bridge accommodating space 22 therebe-
low. One end of the above-mentioned cylinder 5 is piv-
oted to this frame 20. To the frame 20 are attached
wheels, for example, one front wheel 23A and two rear
wheels 23B. When the cylinder 5 is completely retracted,
these wheels make contact with the ground as shown in
Fig. 1A, making a space under the crawler drive unit 3,
so that the wheelchair carrier 1 can run with the wheels
23A and 23B on a level ground.
[0004] A retaining handle 24 stands generally at right
angles to the frame 20 near one end of the wheelchair
carrying platform 2 (rear side of the wheelchair K carried
thereon). At the top of this retaining handle 24 are pro-
vided a grip 24A and an operation unit 25. An operator
of the stair-climbing wheelchair carrier 1 controls the ex-
tension and retraction of the cylinder 5 and the drive of
the crawler drive unit 3 through the operation unit 25 while
holding the grip 24A. To the retaining handle 24 is at-
tached a safety belt 26 with a buckle 26A, which is worn
around the wheelchair user K1 so as to retain the wheel-
chair K to the retaining handle 24.
[0005] The crawler drive unit 3 has a pair of track
frames 30 on the left and right which are bent upwards
at one end so that they look like a sledge from a side
view. The other ends of the left and right track frames 30
are coupled together by a reduction gear case (not
shown) in which a drive motor 31 and a reduction gear
(not shown) are integrated. These track frames 30 cou-
pled together form the main body of a frame structure,
on one end of which a battery 32 that supplies power to
the drive motor 31 is mounted.
[0006] Drive wheels 34 are attached to drive shafts 33
or output shafts of the reduction gear on the left and right.
Crawler belts 36 are trained around the drive wheels 34
and idle wheels 35 attached at the left and right

sledge-shaped ends of the track frames 30. The crawler
belts 36 move along a ground guide 30A of the track
frames 30 and an inclined guide 30B in the
sledge-shaped part on the lower side of the crawler drive
unit 3, and are pressed down by press rollers 37 pivoted
by the shaft 4 on the upper side, so that they make contact
with corners of two or more stairs S when moving up and
down as shown in Fig. 1B.
[0007] To use this conventional stair-climbing wheel-
chair carrier 1, a bridge (not shown) is drawn out from
the bridge accommodating space 22 on a level ground
so that the wheelchair K rides onto the bridge and rests
on the floors 21 as shown in Fig. 1A. After the safety belt
26 is worn around the wheelchair user K1 and fastened
with the buckle 26A, the cylinder 5 is controlled through
the operation unit 25 to extend, so that the wheelchair
carrying platform 2 is tilted backward relative to the crawl-
er drive unit 3.
[0008] When going up stairs, the drive motor 31 is driv-
en through control from the operation unit 25 to cause
the sledge-shaped inclined part of the crawler belts 36
of the crawler drive unit 3 to make contact with a first stair
of the staircase so that the crawler drive unit 3 rides on
the stair and goes up the stairway as shown in Fig. 1B.
When going down stairs, the crawler belts 36 are brought
into contact with the first stair on the opposite side from
the sledge-shaped end of the crawler drive unit 3, and
the wheelchair carrier travels down as shown in Fig. 1B.
[0009] With this conventional stair-climbing wheel-
chair carrier, the inclination angle of the wheelchair car-
rying platform 2 relative to the crawler drive unit 3 when
traveling up and down the stairs S as shown in Fig. 1B
is set such that the wheelchair K carried on the floors 21
is slightly tilted backward from the vertical. That is, when
the maximum inclination angle of stairs that the
stair-climbing wheelchair carrier 1 is designed to accom-
modate is 35°, the wheelchair carrying platform 2 can be
inclined up to 40° relative to the crawler drive unit 3. The
floors 21 are tilted backward from the horizontal at about
5° when moving up and down the stairs so as to give the
wheelchair user K1 the feeling of safety.
[0010] However, because of such platform inclination
angle setting (e.g. 40° if the stair angle is 35°), the wheel-
chair carrying platform 2 is largely tilted backward on a
level ground or a landing between stairs before or after
ascending or descending the stairs. Therefore, the
wheelchair user K1 carried on the floors 21 may feel un-
comfortable because the wheelchair carrying platform 2
is so tilted backward that the user almost faces the ceiling.
[0011] Moreover, when the wheelchair carrying plat-
form 2 is largely inclined backward relative to the gener-
ally horizontal crawler drive unit 3, the retaining handle
24 of the wheelchair carrying platform 2 is also inclined
backward, requiring a large space at the back. The wheel-
chair carrier therefore may be unusable in a confined
area such as a landing or the like because of lack of
operation space.
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SUMMARY OF THE INVENTION

[0012] An object of the present invention is to solve
these problems with the conventional stair-climbing
wheelchair carrier and to provide a stair-climbing wheel-
chair carrier which is both comfortable for wheelchair us-
ers and usable for operators.
[0013] To achieve the above object, the present inven-
tion provides a stair-climbing wheelchair carrier having
the following characteristic features.
[0014] The stair-climbing wheelchair carrier includes:
a crawler drive unit having a crawler belt that can run on
stairs and drive means for driving the crawler belt; a
wheelchair carrying unit including a wheelchair carrying
floor and a retaining handle standing upright at one end
for retaining a wheelchair carried thereon, the wheelchair
carrying unit being pivoted at the one end by a shaft to
the crawler drive unit; and inclining means for inclining
the wheelchair carrying unit at a preset angle relative to
the crawler drive unit such that the wheelchair carried on
the wheelchair carrying floor is slightly tilted backward
from the vertical during ascent or descent of the stairs.
The inclining means stops or starts tilting the wheelchair
carrying unit based on a detection signal from an incli-
nation sensor provided in the crawler drive unit. When
the crawler drive unit is detected to be not tilted, the in-
clining means stops tilting the wheelchair carrying unit at
an intermediate angle of the preset angle. When the
crawler drive unit is detected to be tilted, the inclining
means tilts the wheelchair carrying unit up to the preset
angle, and as soon as the crawler drive unit is detected
not to be tilted after the ascent or the descent of stairs,
the inclining means drives the wheelchair carrying unit
to decrease its inclination angle relative to the crawler
drive unit.
[0015] With this stair-climbing wheelchair carrier, the
inclining means stops the tilting motion based on a de-
tection signal from an inclination sensor provided in the
crawler drive unit. When the crawler drive unit is detected
not to be tilted, i.e., when it is on a flat surface, the inclining
means stops the tilting motion of the wheelchair carrying
unit at an intermediate angle of the preset angle. The
preset angle is an inclination angle at which the wheel-
chair carried on the floor is slightly tilted backward from
the vertical during travel up or down. Therefore, the
wheelchair user does not experience discomfort that is
caused when the wheelchair on the floor is largely tilted
backward on a flat surface.
[0016] When the crawler drive unit enters stairs and
the inclination sensor provided in the crawler drive,unit
outputs a detection signal, the inclining means starts tilt-
ing the wheelchair carrying unit relative to the crawler
drive unit up to the preset angle. The wheelchair on the
floor is tilted slightly backward from the vertical during
ascent or descent of the stairs. The stair-climbing wheel-
chair carrier thus transports the wheelchair safely and
stably up or down the stairs. By setting the angle at which
the inclination sensor outputs a signal smaller than the

above-mentioned intermediate angle, it is ensured that,
when the crawler drive unit starts climbing up on the
stairs, the inclining means starts tilting the wheelchair
carrying unit up to the preset angle before the floor be-
comes inclined forward.
[0017] When the crawler drive unit moving up or down
the stairs reaches a flat surface such as a floor or a land-
ing, the signal indicating an inclination of the crawler drive
unit is switched off, whereupon the inclination angle of
the wheelchair carrying unit relative to the crawler drive
unit is reduced. Thus, as soon as the crawler drive unit
reaches a landing or the like, the inclination angle of the
wheelchair carrying unit is immediately decreased and
the retaining handle at one end of the wheelchair carrying
unit stands up almost vertical. Therefore the stair-climb-
ing wheelchair carrier does not require a large space at
the back.
[0018] The inclining means may for example comprise
an extension/retraction cylinder pivoted at one end to the
wheelchair carrying unit and at the other end to the crawl-
er drive unit, and control means for controlling the exten-
sion and retraction of this extension/retraction cylinder.
With this design, the wheelchair carrying unit can be in-
clined relative to the crawler drive unit by extension and
retraction of the cylinder as with the conventional exam-
ple described in the foregoing, and the above-described
operations can be performed by controlling the cylinder.
[0019] The control means may for example be config-
ured with a limit switch fixedly attached to the crawler
drive unit and an angle position detector cam that rotates
around a pivot shaft between the crawler drive unit and
the wheelchair carrying unit in accordance with the incli-
nation of the wheelchair carrying unit and that turns on
the limit switch at a predetermined angle. With this control
means, the setting of the above-mentioned intermediate
angle, at which the tilting motion should be stopped, is
achieved by cam designing of the angle position detector
cam. The cam designing enables the limit switch to be
activated at a predetermined inclination angle, upon
which the tilting motion is stopped. The control means is
not limited to the above design and may include detecting
means for detecting an amount of extension or retraction
of the extension/retraction cylinder.
[0020] The stair-climbingwheelchaircarrier of the
present invention having the above-described character-
istics provides both comfort for the user and good usa-
bility.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] These and other objects and advantages of the
present invention will become clear from the following
description with reference to the accompanying draw-
ings, wherein:

Fig. 1A and Fig. 1B illustrate one prior art example
of the present invention;
Fig. 2 illustrates one embodiment of a stair-climbing
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wheelchair carrier of the present invention;
Fig. 3 illustrates one example of an angle position
sensor in one embodiment of the present invention;
and
Fig. 4A to Fig. 4E illustrate how the stair-climbing
wheelchair carrier of the present invention operates.

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENTS

[0022] One embodiment of the present invention will
be hereinafter described with reference to the drawings.
Fig. 2 illustrates one embodiment of a stair-climbing
wheelchair carrier 10, which is basically structured the
same as the prior art stair-climbing wheelchair carrier
described in the foregoing. Same elements therefore are
given the same reference numerals and will not be en-
tirely described again.
[0023] The stair-climbing wheelchair carrier 10 in-
cludes a crawler drive unit 3, a wheelchair carrying plat-
form 2, and inclining means. The crawler drive unit 3 has
a crawler belt 36 that can move up and down stairs S
and means for driving the crawler belt 36. The wheelchair
carrying platform 2 is pivoted by a shaft 4 at one end to
the crawler drive unit 3 and includes a wheelchair carrying
floor 21 and a retaining handle 24 standing upright at one
end of the platform for retaining the wheelchair K carried
on the floor. The inclining means inclines the wheelchair
carrying platform 2 at a predetermined angle relative to
the crawler drive unit 3 such that the wheelchair K on the
floor 21 is tilted slightly backward from the vertical during
travel up or down.
[0024] One example of the inclining means shown here
comprises an extension/retraction cylinder 5 pivoted at
one end to the wheelchair carrying platform 2 and at the
other end to the crawler drive unit 3 and control means
for controlling the extension and retraction of the cylinder
5, but the inclining means is obviously not limited to this
example. The wheelchair carrying platform 2 may be in-
clined relative to the crawler drive unit 3 by some other
drive means. The control means in this embodiment in-
cludes a control unit (control circuit) 50, an inclination
sensor 51 provided in the crawler drive unit 3, and an
angle position sensor 52 provided such as to rotate
around the shaft 4. The extension and retraction of the
cylinder 5 are controlled based on signals from the op-
eration unit 25 and from the inclination sensor 51 and the
angle position sensor 52.
[0025] Fig. 3 illustrates one example of the angle po-
sition sensor 52. The sensor 52 includes two limit switch-
es 52A and 52B fixedly attached on the crawler drive unit
3, and an angle position detector cam 52C that rotates
around the shaft 4 by which the wheelchair carrying plat-
form 2 is pivoted to the crawler drive unit 3. As the cam
52C rotates in accordance with the inclination of the
wheelchair carrying platform 2, it activates the limit switch
52A or 52B at a preset inclination angle. The limit switch-
es 52A and 52B are attached to the crawler drive unit 3

by a fixing member 52D.
[0026] The angle position detector cam 52C rotates
relative to the limit switches 52A and 52B as the inclina-
tion angle of the wheelchair carrying platform 2 relative
to the crawler drive unit 3 increases, and turns on the
limit switch 52A at position S1, upon which the angle
position sensor 52 outputs a signal to stop the cylinder
5. Likewise, the angle position detector cam 52C rotates
relative to the limit switches 52A and 52B as the inclina-
tion angle of the wheelchair carrying platform 2 relative
to the crawler drive unit 3 decreases, and turns on the
limit switch 52B at position S2, upon which the angle
position sensor 52 outputs a signal to stop the cylinder
5. The sensor for detecting the inclination angle of the
wheelchair carrying platform 2 relative to the crawler
drive unit 3 is not limited to the one described above. For
example, the amount of extension or retraction of the
cylinder 5 may be directly detected.
[0027] Referring now to Fig. 4A to Fig. 4E, a description
will be given below primarily of the operation of the in-
clining means of the stair-climbing wheelchair carrier 10.
Fig. 1A to Fig. 3 should also be referred to for some ref-
erence numerals used in the following description.
[0028] Fig. 4A shows the wheelchair carrier moving or
transporting on a flat surface H. The cylinder 5 in this
state is completely retracted so that the wheels 23A and
23B of the wheelchair carrying platform 2 make contact
with the ground. The crawler drive unit 3 is separated
from the ground and the wheelchair carrier can run on
the wheels 23A and 23B. For carrying a wheelchair K on
the wheelchair carrying platform 2, the cylinder 5 is slight-
ly extended through control from the operation unit 25 to
cause the crawler belt 36 to make contact with the
ground, so as to retain the wheelchair carrier body on
the ground. Then, as with the prior art example, a bridge
is drawn out from the frame of the wheelchair carrying
platform 2, and the wheelchair K is mounted via the bridge
onto the floor 21 of the wheelchair carrying platform 2.
[0029] After fixing the wheelchair K to the retaining
handle 24 with the safety belt 26, the cylinder 5 is driven
through control from the operation unit 25 to incline the
wheelchair carrying platform 2 relative to the crawler
drive unit 3. As the inclination angle of the wheelchair
carrying platform 2 relative to the crawler drive unit 3
increases and reaches a predetermined intermediate an-
gle of, for example, 20°, the angle position detector cam
52C turns on the limit switch 52A at position S1 to stop
the platform from inclining further (see Fig. 4B).
[0030] That is, when inclining the wheelchair carrying
platform 2 relative to the crawler drive unit 3 through con-
trol from the operation unit 25, if the inclination sensor
51 provided in the crawler drive unit 3 has not detected
an inclination of the crawler drive unit 3 relative to the
horizontal, the wheelchair carrying platform 2 stops in-
clining at a preset intermediate angle. Therefore, the
wheelchair user carried on the floor 21 does not experi-
ence discomfort that is caused by the floor 21 being large-
ly tilted backward.
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[0031] The crawler drive unit 3 is driven then in the
state shown in Fig. 4B so that the crawler drive unit 3
rides on the stair S. When the inclination sensor 51 de-
tects that the inclination angle of the crawler drive unit 3
relative to the horizontal has reached a preset angle of,
for example, 15°, the cylinder 5 automatically starts ex-
tending again based on a signal from the inclination sen-
sor 51, so as to further incline the wheelchair carrying
platform 2 relative to the crawler drive unit 3.
[0032] While the inclination angle of the crawler drive
unit 3 relative to the horizontal gradually increases, the
wheelchair carrying platform 2 keeps tilting relative to the
crawler drive unit 3 at the same time, and therefore a
situation is avoided where the floor 21 is angled down-
ward. By setting the angle at which the inclination sensor
51 outputs a signal (e.g. 15°) smaller than the
above-mentioned intermediate angle (e.g. 20°), the
wheelchair carrying platform 2 starts tilting again relative
to the crawler drive unit 3 before the floor 21 becomes
horizontal as the crawler drive unit 3 starts climbing up
on the stairs S, and the wheelchair user on the floor 21
does not feel unsafe.
[0033] During the transport on the stairs S, the crawler
drive unit 3 is inclined relative to the horizontal at the stair
angle of, for example, 35° as shown in Fig. 4D. However,
since the wheelchair carrying platform 2 can tilt relative
to the crawler drive unit 3 up to a maximum preset angle
of, for example, 40°, the wheelchair K carried on the floor
21 is tilted slightly backward from the vertical and stably
moves up the stairs S.
[0034] When the crawler drive unit 3 reaches a flat sur-
face H such as a landing or the like, its inclination angle
relative to the horizontal starts decreasing. When the in-
clination sensor 51 detects that the inclination angle has
reached a preset angle, the detection signal is switched
off, based on which the wheelchair carrying platform 2
starts to be driven so that its inclination angle relative to
the crawler drive unit 3 decreases. As the inclination an-
gle of the wheelchair carrying platform 2 relative to the
crawler drive unit 3 decreases, the angle position detec-
tor cam 52C turns on the limit switch 52B at position S2,
upon which the tilting of platform 2 is stopped (see Fig.
4E).
[0035] That is, as soon as the crawler drive unit 3
reaches the flat surface H such as the landing or the like,
the wheelchair carrying platform 2 starts decreasing its
inclination angle immediately, so that the wheelchair user
carried on the floor 21 does not experience discomfort
that is caused by a high backward inclination of the wheel-
chair carrying platform 2. Moreover, the retaining handle
24 stands up quickly and allows sufficient space in a con-
fined area such as a landing to be used for the handling
operation.
[0036] The above-described procedure applies equal-
ly when descending the stairs S . In a state shown in Fig.
4E where the wheelchair carrying platform 2 is inclined
at an intermediate angle (e.g. 20°), when the inclination
sensor 51 detects an inclination of the crawler drive unit

3 relative to the horizontal, the wheelchair carrying plat-
form 2 starts tilting further relative to the crawler drive
unit 3 up to a maximum preset angle (e.g. 40°) as shown
in Fig. 4D. When the crawler drive unit 3 reaches a flat
surface and the signal from the inclination sensor 51 is
switched off, the wheelchair carrying platform 2 quickly
reduces its inclination angle.
[0037] According to the present invention, the cylinder
5 or the inclining means of the stair-climbing wheelchair
carrier 10 stops or starts the tilting motion based on the
detection signal from the inclination sensor 51 provided
in the crawler drive unit 3. When the crawler drive unit 3
is detected to be not tilted, the tilting motion of the wheel-
chair carrying platform 2 is stopped at an intermediate
angle (e.g. 20°) of a maximum preset angle (e.g. 40°).
When the crawler drive unit 3 is detected to be tilted, the
platform is tilted up to the maximum preset angle, and
as soon as the crawler drive unit 3 is detected not to be
tilted, the inclining means drives the wheelchair carrying
platform 2 to decrease its inclination angle relative to the
crawler drive unit 3. It is therefore prevented that the
wheelchair user carried on the floor 21 experiences dis-
comfort that is caused by a high backward inclination of
the wheelchair carrying platform 2 on the flat surface H.
Moreover, the wheelchair carrier does not need abundant
space at the back on a flat surface H. Thus the stair-climb-
ing wheelchair carrier of the present invention provides
both comfort for wheelchair users and good usability for
operators.

Claims

1. A stair-climbing wheelchair carrier, comprising:

- a crawler drive unit (3) having a crawler belt
(36) that can run on stairs (S) and drive means
for driving the crawler belt (36);
- a wheelchair carrying unit (2) including a wheel-
chair carrying floor (21) and a retaining handle
(24) standing upright at one end for retaining a
wheelchair (K) carried thereon, the wheelchair
carrying unit (2) being pivoted at the one end by
a shaft to the crawler drive unit (3); and
- inclining means (5) for inclining the wheelchair
carrying unit (2) at a preset angle relative to the
crawler drive unit (3) such that the wheelchair
(K) carried on the wheelchair carrying floor (21)
is slightly tilted backward from the vertical during
ascent or descent of the stairs (S),

characterized in that the inclining means (5) stop
or start tilting the wheelchair carrying unit (2) based
on a detection signal from an inclination sensor (51)
provided in the crawler drive unit (3);
in that when the crawler drive unit (3) is detected to
be not tilted, the inclining means (5) stop tilting the
wheelchair carrying unit (2) at an intermediate angle
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of the preset angle;
in that when the crawler drive unit (3) is detected to
be tilted, the inclining means (5) tilt the wheelchair
carrying unit (2) up to the preset angle; and
in that as soon as the crawler drive unit (3) is de-
tected not to be tilted after the ascent or the descent
of stairs (S), the inclining means (5) drive the wheel-
chair carrying unit (2) to decrease its inclination angle
relative to the crawler drive unit (3).

2. The carrier according to claim 1,
wherein the inclining means (5) comprise an exten-
sion/retraction cylinder (5) pivoted at one end to the
wheelchair carrying unit (2) and at the other end to
the crawler drive unit (3), and control means (50) for
controlling the extension and retraction of the exten-
sion/retraction cylinder (5).

3. The carrier according to claim 2,
wherein the control means (50) comprise a limit
switch (52A, 52B) fixedly attached to the crawler
drive unit (3) and an angle position detector cam
(52C) that rotates around a pivot shaft in accordance
with the inclination of the wheelchair carrying unit (2)
and that turns on the limit switch (52A, 52B) at a
predetermined angle.

4. The carrier according to claim 2 or 3,
wherein the control means (50) comprise detecting
means (25) for detecting an amount of extension or
retraction of the extension/retraction cylinder (5).

9 10 
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